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Preface
Axially symmetric rf ion traps consists of a mass analyser having three electrodes, one
of which is a central ring electrode and the other two are endcap electrodes. In the
ideal Paul trap mass spectrometer, the electrodes have hyperboloidal shape (March and
Hughes, 1989) and in mass analyser with simplified geometry, such as the cylindrical ion
trap (Wu et al., 2005) the central electrode is a cylinder and the two endcap electrode and
flat plates. rf-only or rf/dc potential is applied across the ring electrode and the grounded
endcap electrodes for conducting the basic experiments of the mass spectrometer.
In recent times, the miniaturisation of ion trap is one of the research interests in the
field of mass spectrometry. The miniaturisation has the advantages of compactness, low
power consumption and portability. However, this is achieved at the cost of the overall
performance of the mass spectrometer with its deleterious effect on resolution. Research
groups study the field distribution in the trap for better understanding of ion dynamics in
the direction of achieving improved performance with the miniaturised traps. One aspect
which has not received any attention in research associated with quadrupole ion traps is
the possible role of the magnetic field in improving performance of these traps. Since in
the quadrupole ion trap mass analyser ion is confined by an oscillating (rf) field, magnetic
fields have been considered superfluous.
The motivation of the thesis is to understand the dynamics of ions in axially symmetric
rf ion traps, in the presence of the magnetic field. The axially symmetric rf ion trap
geometries considered in this thesis are the Paul trap and the cylindrical ion trap (CIT).
The changes incurred to the ion motion and Mathieu stability diagram in the presence of
magnetic field is observed in this work. Also, the relation between the magnetic field and
the Mathieu parameter q is shown.
The thesis contains 4 chapters:
Chapter 1 provides the basic back ground of mass spectrometry and the operating
principles. The equations of ion motion in the Paul trap is derived and also the solution
to Mathieu equation is provided. The solution to the Mathieu equation are the Mathieu
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parameters a and q, when plotted with q on the x-axis and a on the y-axis, results in
the Mathieu stability plot, the explanation of which is also given in the chapter. A brief
description of the secular frequency associated with the ion dynamics is given in this
chapter. The popular experiments conducted (i.e. the mass selective boundary ejection
and resonance ejection) with a mass spectrometer is described here. Finally at the end of
the chapter is the scope of the thesis.
Chapter 2 facilitates with the preliminary study required for the accomplishment of the
task. The Paul trap and the CIT are the rf ion traps considered in this work. The geome-
tries of these two traps are described in this chapter. The computational methods used
for the analysis of various aspects of mass spectrometer is introduced. The computational
methods used involve the methods used for calculating the charge distribution on the
electrodes, potentials, multipole co-efficients and trajectory calculations. The boundary
element method (BEM), calculation for Potentials and the Runge-Kutta method used for
the trajectory calculations are introduced in this chapter. The expressions for calculating
the multipole co-efficients are also specified.
Chapter 3 presents the results obtained. The equations of ion motion in a quadrupole
ion trap in the presence of magnetic field is derived here. Verification of numerical results
with and without the magnetic field are presented at the end of this chapter. The chapter
also presents various graphs showing the impact of magnetic field on the ion dynamics
in the Paul trap and the CIT. The impact of the presence of magnetic field on the
micromotion in x-, y- and z-directions of the rf ion traps are shown in this chapter. Also
the figures showing the variation in the Mathieu stability plots, with varying magnetic
field intensity are presented in the chapter. At the end of this chapter the relation between
the magnetic field and the Mathieu parameter q is derived and plotted.
Chapter 4 explains the various observations made from the results obtained. This
chapter also highlights the future scope of the work for making this a more applicable
one.
References in the text have been given by quoting the author’s name and year of
publication. Full references have been provide, in an alphabetic order, at the end of the
thesis.
